To investigate the effect of short term energy restriction combined with physical activity on serum concentrations of Interleukin-6 (IL-6) in obese children and adolescents. DESIGN: Longitudinal intervention study of 3.8 -5 MJ daily with exercise. SUBJECTS: Forty-nine white obese children and adolescents (31 girls, age 11.9 AE 1.8 y; 18 boys, age 11.6 AE 1.7 y). MEASUREMENTS: Indexes of obesity, IL-6, leptin, estradiol, systolic and diastolic blood pressure, heart rate at baseline and after 3 weeks. RESULTS: All determined parameters decreased significiantly during the 3 week program (IL-6: 3.9 AE 4.7 vs 2.0 AE 2.2 pg=ml; P < 0.05). Body mass index (BMI) fat mass, percentage fat mass (indexes of obesity), and leptin were not related to IL-6 before the program. In contrast, IL-6 concentrations correlated significantly with indexes of obesity and leptin after weight loss. IL-6 concentrations did not correlate with estradiol, systolic and diastolic blood pressure, and heart rate. Changes in IL-6 concentrations correlated significantly with changes in BMI (r ¼ 0.25, P < 0.05). CONCLUSION: An improved body composition induced by restriction of energy intake and increase in physical activity is associated with more favorable serum concentrations of IL-6 in obese children and adolescents.
Introduction
Childhood obesity lays the metabolic groundwork for adult cardiovascular disease since cardiovascular risk factors such as dyslipidemia, hypertension, hyperinsulinemia and obesity often coexist in children and adolescents. 1 Recently we demonstrated an unfavorable correlation between indexes of obesity, hemostatic risk factors and homocysteine in obese children and adolescents. 2 -5 It has been proposed that the secretion of interleukin-6 (IL-6) by adipose tissue could underline the associations of insulin resistance with endothelial dysfunction, coagulopathy, and coronary heart disease through its different metabolic, endothelial and coagulant mechanisms. 6, 7 Furthermore, it has been shown that the IL-6 gene polymorphism is associated with lipid abnormalities 8 and that elevated levels of IL-6 are associated with increased risk of future myocardial infarction among apparently healthy men. 9 IL-6 is being produced by numerous types of immune and immune accessory cells but also by omental and subcutaneous adipose tissues. 10 It has been suggested that body adipose tissue accounts for about 20% of the systemic IL-6 concentration. 11 Since loss of body fat mass results in an improved cardiovascular risk profile in obese adults 12 and children, 13 we speculated that improvement of body composition in childhood obesity could also be accompanied by reduced IL-6 serum concentrations.
We therefore investigated the effects of short term energy restriction combined with physical activity on possible relations between changes in body composition and IL-6 concentrations in obese children and adolescents. Since the sympathetic nervous system, which has been shown to be modulated by physical training in obese children, 14 may be a significant covariable 15 we controlled for the influence of blood pressure and heart rate as clinical variables that reflect to some extent the activity of the sympathetic nervous system. Furthermore, since estrogens have been demonstrated to have a suppressing effect on IL-6 production, 16 we investigated a possible correlation between estradiol and IL-6 concentrations. Finally, leptin, a hormone secreted by adipocytes, 17 which decreases during weight reduction in childhood obesity, 18 was included in the analyses.
Methods
Participants Thirty-one obese white girls (mean AE s.d.; age 11.9 AE 1.8 y, body mass index (BMI) 26.9 AE 5.25) and 18 obese white boys (age 11.6 AE 1.7 y, BMI 26.2 AE 5.2) were investigated. Obesity was defined as a BMI > 85th percentile for age and sex. 19 All children and adolescents had normal liver, renal and thyroid function as assessed by standard clinical chemistry analyses. No participant was taking any medications including glucocorticoids or estrogens or had any evidence of metabolic or systemic disease other than obesity. Control values for IL-6, blood pressure and heart rate were obtained from 69 lean (BMI 18.5 AE 3.4) age-(11.7 AE 1.6 y) and sex-(28 male, 41 female) matched fasting children who took part in a screening program for cardiovascular risk factors in childhood and did not participate in a weight reduction program. Children were judged as healthy by medical examination and written informed consent was given by the parents. The study was approved by the local ethics committee.
Resting blood pressure was measured in sitting position after a 15 min rest using a mercury sphygmomanometer and a cuff appropriately sized for the arm size of the subject.
Analytical methods
Blood samples were taken after an overnight fast at the beginning and after 3 weeks of the intervention program. Serum IL-6 concentrations were measured by means of ELISA (R&D Systems, USA); 17-b-estradiol (Diagnostics Systems Laboratories, USA) and leptin (Linco Research, USA) were determined using RIA.
Weight reduction program
Obese children participated in a weight reduction program including physical activities for 3 weeks during summer holidays which took place in a school in a rural area. 20 Physical training consisted of different activities and was performed three times a day. Children were assigned to a mixed diet of 3.8 -5 MJ per day. Energy intake consisted of approximately 50% carbohydrate, 20% protein and 30% fat.
Measurement of body composition
Measurements for lean body mass (LBM) were done by means of bioelectrical impedance (BIA Akern-RJL 101=S) with an applied current of 0.8 mA at 50 kHz. LBM was estimated by the resistance index, height and age of the subjects using the equations of Schaefer et al. 21 Fat mass (FM) was calculated as the difference between body mass and LBM. Percentage fat mass (%FM) was expressed as the relative amount of FM for a given body weight.
Statistical analysis IL-6, leptin, estradiol were skewed and therefore log 10 transformed. Analysis of variance was used to compare parameters between obese and lean children and between boys and girls where appropriate. A 2 (sex) Â2 (time) design with repeated measurements on time was used to compare parameters before and after weight loss. Correlations between variables of interest were calculated using Pearson's correlation coefficient and Spearman's rank correlation. The independence and significance of variables was tested by stepwise, multiple regression analysis based on results of the bivariate correlations. The significance level of P-values was set at 5%.
Results
There were no substantial gender differences in anthropometric and laboratory characteristics at the beginning and at the end of the study, except estradiol, which was significantly higher in girls that in boys (P < 0.05). In girls log estradiol correlated significantly with FM before (r ¼ 0.34, P < 0.05) and after the program (r ¼ 0.29, P < 0.05), but not after adjustment for age. IL-6, BMI, FM, %FM, blood pressure, heart rate, leptin and estradiol decreased significantly during the program (Table 1) .
In lean children BMI (18.5 AE 3.4), IL-6 concentrations (0.7 AE 1.3 pg=ml), systolic blood pressure (107 AE 10 mmHg) and heart rate (75 AE 13 beats=min) were significantly lower compared to baseline BMI (P < 0.0001), IL-6 concentrations (P < 0.01), systolic blood pressure (P < 0.005), and heart rate (P < 0.005) in obese children. After the program these variables were not different in obese and lean children, except IL-6 in childhood obesity S Gallistl et al BMI, which was still significantly higher in obese children (P < 0.0001).
In obese children indexes of obesity, blood pressure, heart rate, log estradiol and log leptin did not correlate significantly with IL-6 concentrations at the beginning of the program. In contrast, log IL-6 correlated significantly with BMI, FM, %FM, and log leptin after weight reduction ( Table 2) .
Changes in leptin, estradiol, blood pressure, heart rate and changes in indexes of obesity were not related to changes in IL-6 concentrations during the program, except DBMI, which correlated significantly with DIL-6 (r ¼ 0.25, P ¼ 0.03).
In multiple linear regression analysis DBMI did not contribute to the variance in DIL-6. Children and adolescents who had higher baseline IL-6 concentrations had the greatest decreases in IL-6, whereby baseline IL-6 accounted for 51% of the variance in DIL-6 (P < 0.001).
Discussion
In the present study we showed that in childhood obesity improvement of body composition induced by restriction of energy intake and physical activity was associated with decreased serum concentrations of IL-6. Our results are in agreement with the recently published study by Bastard et al, who demonstrated IL-6 reduction in serum and subcutaneous tissue in obese women after 3 weeks of a very lowcalorie diet. 22 Surprisingly, in our study population indexes of obesity were not significantly related to IL-6 before the program. In contrast, after the program IL-6 correlated significantly with indexes of obesity, suggesting that the influence of factors modulating the relation between IL-6 serum concentrations and FM became lower during weight reduction. Indeed, estradiol, which has been shown to suppress IL-6 production, 16 decreased significantly during the program, most likely due to decreased conversion of androgens to estrogens in adipose tissue. 23, 24 In agreement with the assumption that high concentrations of estrogens influenced the correlation between indexes of obesity and IL-6 before the program, it has been shown that hormone replacement therapy (HRT) in postmenopausal women blunted the correlation between BMI and IL-6 observed in women without HRT. 25 The observation that changes in IL-6 concentrations were not explained by changes in indexes of obesity suggests that the improved IL-6 concentration was not solely the result of body fat reduction. This assumption was supported by the lack of association between changes in IL-6 and changes in leptin, a hormone secreted by adipocytes, although leptin was related to IL-6 before the program and correlated significantly with IL-6 after the program. This observation might partially depend on the suppressive in situ effect of IL-6 on leptin secretion. 26 Beside adipose tissue the sympathetic nervous system may lead to elevated serum concentrations of IL-6. 15 Systolic and diastolic blood pressure and heart rate, which may reflect the activity of the sympathetic nervous system to some extent, did not show positive correlations with IL-6 concentrations before or after the program, although these variables decreased significantly during weight reduction and physical training. These results are in agreement with the observation that blood pressure and heart rate had no influence on the significant correlation between BMI and serum IL-6 concentrations in postmenopausal women, but are in contrast to the blunted correlation between BMI and IL-6 after control for blood pressure and heart rate in men. 25 However, it has been shown that physical training in obese children not only reduced percentage body fat, but also showed positive effects on the sympathetic=parasympathetic balance.
14 Thus, the decrease of blood pressure and heart rate during the weight reduction program, which has also been observed by other investigators, 27, 28 suggests a more favorable balance between the sympathetic and parasympathetic system, probably resulting in concomitant reduced production of IL-6.
It has to be emphasized that the study population was still losing weight when re-studied after the program and was therefore not weight-stable. Further studies in weight-stable individuals after weight loss have to investigate whether the favorable effect on IL-6 is of longer duration. It is not clear whether IL-6 is a marker rather than a cause of disease, since preclinical atherosclerosis is itself an inflammatory stimulus. On the other hand, it has been suggested that increased IL-6 production from endothelium and vascular smooth muscle has direct effects on plaque proliferation and stability. 9 In addition, IL-6 increases basal glucose uptake, alters insulin sensitivity, increases the hepatic release of fibrinogen and has procoagulant effects on platelets. 7 In conclusion, our study demonstrates that improved body composition induced by restriction of energy intake combined with physical activity is associated with decreased serum concentrations of the cardiovascular risk factor IL-6 in obese children and adolescents. Improved concentrations of IL-6 are one further element of the favorable effects of reasonable energy intake and physical activity in childhood obesity. IL-6 in childhood obesity S Gallistl et al
